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(54) AC generator for vehicles 

(57) An AC generator (1) for a vehicle including a 
rotor (2) with a fan, a stator (3) disposed around the 
outer periphery of the rotor (2), and a frame. The stator 
(3) includes a laminated core (32) having a plurality of 
slots (35), a plurality of electric conductors (33a, 33b) in 
the slots (35), and an insulator (34). There is a gap (38) 
between the electric conductors (33a, 33b) and the 
insulator (34) in a diametrical section of the slots (35), 
and an area ratio of the gap (38) with respect to the sec- 
tional area of the slots (35) is not more than 25%. A por- 
tion of the electric conductor positioned within the slot 
has a substantially rectangular shape along the shape 
of the slot. 



FIG. IA 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to an AC generator for 
vehicles loaded on cars, trucks and the like. 

2. Description of the Related Art ro 

Recently, the engine and the whole electric appli- 
ances come close to the road surface due to the slant 
nosing for reducing the vehicle running resistance and 
improving the visibility. The water-splashing conditions is 
caused by splashing water from tires during the running 
have been harsh. Further, in the cold district, a large 
amount of salts are scattered for the purpose of prevent- 
ing the road from freezing in a winter season, and salt or 
water containing salt are dragged in during the running, 20 
resulting in harsher corrosive environment. Since the 
vehicular generator is exposed to the above-described 
environment, the generation of electrical energy may be 
stopped. As a result, when the vehicle stops, there is a 
danger leading people to death in the cold district. 2s 

The stoppage of the generation, in this case, is 
mainly caused by the fact that water is moved into the 
inner wall portion of the slot of the stator core whereby 
rust occurs therein, and the rust grows to reduce a sec- 
tional area of the slot, which is a change after passage 30 
of time by which the conductors of the stator coil 
inserted into the slot is pressed to produce a short-cir- 
cuit between the coils, resulting in a breakage of coil 
due to the burn loss of local heat generation. Further, 
even if insulating paper is provided to insulate between 35 
the slot and the coil, the insulating paper is sometimes 
broken due to the growth of rust and the rise in pressure 
of slot, resulting in a short-circuit between the electric 
conductors and stator. Furthermore, movement of water 
into the coil in the slot is repeated whereby the coil film 40 
leads to corrosion deterioration such as hydrolysis 
resulting in a short-circuit between the electric conduc- 
tors, and the burn loss of local heat generation and the 
elution of copper, finally resulting in a breakage of coil. 
This tendency is conspicuous particularly in the slot in 45 
which electric conductors of the coils are thickly present 
because during the step of inserting or after inserting 
the electric conductors into the slot of the stator coif, the 
insulating films on the surface of the electric conductors 
rub together to damage or locally thin it so 

Further, in order to prevent the electric conductors 
of the coils, which are inserted into the slots, from pro- 
jecting from the inlet of the slots, wedges made of insu- 
lating material are inserted between the electric 
conductors and the inlets of the slots. However, the ss 
insulation coating of the electric conductors may be 
harmed or thinned in inserting the wedges. Thus, in 
order to improve the durability, how to protect the sur- 
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face of the insulation coating of the electric conductors 
while the stator is manufactured is very important. 

In general, the coil ends are impregnated with ther- 
mosetting resin for insulation. The viscosity thereof is 
arranged to stay in the portions during the thermoset- 
ting period, and such resin does not flow into the slots. 
This does not insulate inner portions of the slots suffi- 
cient to prevent the short circuit. 

On the other hand, a slot of a stator coil is coated 
with an insulating resin by means of electrode position 
coating or the like, and insulating paper for insulating 
between the slot and electric conductors of the coil is 
provided, as described in Japanese Patent Application 
Laid-Open No. Hei 1-278242. Further, a drip-proof 
cover is provided on the cooling air take-in side of a gen- 
erator to cut off a direct water-splashing path from out- 
side, as described in Japanese Patent Application Laid- 
Open No. Hei 3-235644. 

In the method disclosed in Japanese Patent Appli- 
cation Laid-Open No. Hei 1-278242, there provides no 
solution against the short-circuit between the electric 
conductors of coils due to the corrosion deterioration of 
the coil film in the slot. Further, the slot becomes nar- 
rowed by the thickness of the resin film and insulating 
paper to reduce the space for inserting the electric con- 
ductors of the coil by the thickness of them, failing to 
increase the thickness of the film of the coil to enhance 
the corrosion resistance. Since the coating step is nec- 
essary, the production cost including material cost 
increases. 

Further, in the method disclosed in Japanese Pat- 
ent Application Laid-Open No. Hei 3-235644, in a recent 
small and high-output vehicular generator, a fan is pro- 
vided on the side of a rotor, by which rotation cooling air 
is taken therein, and a stator coil is cooled by utilizing air 
discharged through a window provided diametrically of 
a frame, as shown in Fig. 10. That is, since the stator 
coil is positioned near the window for ventilation pro- 
vided diametrically of the frame, water or salt water from 
the diametrical outside of the generator can easily reach 
the periphery of the stator. To prevent this, it is contem- 
plated that a drip-proof cover is further mounted exter- 
nally of the window provided diametrically of the frame. 
In this case, however, the ventilation resistance 
increases and the quantity of cooling air reduces, and 
an escape of hot air is impeded, thus posing a problem 
in that a temperature of the whole generator considera- 
bly rises. This addition of the drip-proof cover increases 
the production cost, similarly to the addition of the coat- 
ing step as described above. 

Further, J P-A-63- 194543 discloses an electric con- 
ductor as shown in Fig. 1 1 . The slots are generally rec- 
tangular in the cross-section. The electric conductor 
has a portion inserted in a slot which has a generally 
rectangular cross section and a portion outside the slot 
which has a generally round cross-section. Thus, occu- 
pation ratio of the electric conductor in the slot becomes 
more than 80 %, in other words, the ratio of the area in 
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the gap is less than 20 %. However, in this structure, a 
number of round conductors are stacked and formed to 
be rectangular. Therefore, the insulation coatings are 
harmed or thinned due rub or difference in the deforma- 
tion degree. 

The present invention solves the above-described 
problem of prior art. An object of the present invention is 
to provide an AC generator for vehicles capable of pre- 
venting stoppage of generation due to a short-circuit 
within a stator slot caused by water-splashing from out- 
side and which is excellent in terms of cost and does not 
pose a new problem such as a rise in temperature and 
harm of the insulation coating of the electric conductors 
of the stator coil. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, 
there is provided a generator for a vehicle comprising a 
rotor having a fan on at least one side of both axial ends, 
a stator disposed oppositely of an outer periphery of the 
rotor, and a frame for supporting the rotor and the stator, 
characterized in that the stator comprises a laminated 
core having a plurality of slots, a plurality of electric con- 
ductors of the stator coil housed in the slots, the electric 
conductors has generally the same cross sections 
inside and outside the slot and an insulator that is an 
electric insulator, there is a gap except the electric con- 
ductors and the insulator in a diametrical section of the 
slots, and an area ratio of the gap with respect to the 
sectional area of the slots is not more than 25%. 

With this arrangement, even if water droplets con- 
taining salt or the like arrive at the neighborhood of an 
inlet of the slots of the stator core, the space gap for 
movement thereof into the slots is narrow, and the water 
droplets remain on the external side of the stator core 
and do not flow into the space gap of the slots. This can 
prevent generation of rust in the inner wall portion of the 
slots of the stator core and corrosion deterioration of a 
coil film in the slots, thus preventing a short-circuit 
between the electric conductors of the coil and the sta- 
tor core and between the electric conductors of the 
coils. Further, since the coating of inside of the slots and 
a drip-proof cover are not necessary, it is possible to 
reduce cost as compared with prior art. Moreover, when 
a polyamide resin and or a polyester resin are used for 
the film of the coil and the insulator, it is possible to pre- 
vent water droplets form moving into the space gap in 
the slots since these resins have a hydrophobic prop- 
erty. Further, because the above electric conductors 
have almost the same cross sections, harm or thinning 
of the insulation coatings can be prevented. 

According to the second aspect of the present 
invention, in the AC generator according to the first 
aspect, he width of the inlet of the slots is narrower than 
the minimum width of the electric conductors disposed 
in the slots, and there is only an insulator between the 
electric conductor and wall of the slot near the inlet. 



Thus, the electric conductors disposed in the inner 
periphery of the slots function to prevent other conduc- 
tors in the slots from projecting from inlet of the slots. 
Therefore, wedges can be omitted, so that harm or thin- 

6 ning of the insulation coating during insertion of the 
wedges can be prevented and that short circuiting 
between the electric conductors or between conductors 
and the stator core due to water splashing can be pre- 
vented. Further, since the wedge can be omitted, cost of 

io parts and manufacturing can be reduced. 

According to the third aspect of the present inven- 
tion, the electric conductors according to the second 
aspect can be inserted along the slots the ratio of area 
in the gap can be reduced to less than 25 %. 

15 According to the fourth aspect of the invention, the 
electric conductors according to the first aspect of the 
invention disposed in the same slot are spaced apart 
one another outside the slot. Therefore, there is no 
groove between the neighboring electric conductors, 

20 electrolyte such as salt water can not enter the inside of 
the slots guided by the groove. Thus according to the 
present invention, the electric conductors of the stator 
coils has the same cross sections both inside and out- 
side the slots, and distance between the conductors in 

25 the slots is less than a certain value. Therefore, the 
stoppage of generation caused by water-splashing from 
outside can be prevented. This is excellent in terms of 
cost. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and characteristics of the 
present invention as well as the functions of related 
parts of the present invention will become clear from a 
35 study of the following detailed description, the 
appended claims and the drawings. In the drawings: 

FIG. 1A is a partial sectional view of a stator 
according to a first embodiment of the present 
40 invention, and FIG. 1 B is a view showing a range of 
a sectional area of a slot; 

FIG. 2 is a sectional view of main parts of an AC 
generator according to the present invention; 
FIG. 3 is a view showing the results of numbers of 
45 cycles resulting in generation abnormality in a pat- 
tern test including atomization of salt water in the 
case where the ratio of area of space gap within the 
slot is varied; 

FIG. 4 is a partial sectional view of a stator in the 
50 case where a portion positioned within the slot of a 
stator coil is of substantially rectangular shape 
along the shape of the slot; 
FIG. 5 is a perspective view in the case where a sta- 
tor coil is not a continuous line but is a substantially 
55 U-shaped conductor segment having a turn portion; 
FIG. 6 is a perspective view of an end coil in the 
case where the conductor segment is incorporated; 
FIG. 7 is a perspective view of another conductor 
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segment; 

FIGS. 8A and 8B are partial sectional views of a 
stator before plastic deformation processing in the 
case where a magnetic flux collecting protrusion 
caused by plastic deformation is formed; s 
FIG. 9 is a partial sectional view of electric conduc- 
tors of stator coils disposed in slots; 
FIG. 10 is a view showing a conventional construc- 
tion of an AC generator for automobiles having a 
drip-proof cover. io 
FIG. 11 is a perspective view of a conventional 
electric conductor; 

FIG. 12 is a partial front view of a conventional sta- 
tor having electric conductor segments; and 
FIG. 13 is a partial enlarged view of a portion of a is 
conventional stator having conductor segments. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The AC generator for vehicles according to the 20 
present invention will be described hereinafter on the 
basis of various forms of embodiments shown in the 
drawings. 

FIGS. 1 A, 1 B and 2 show a first embodiment of the 
present invention. FIGS. 1 A and 1 B are partial sectional 2s 
views of a stator according to the present embodiment, 
and FIG. 2 shows main parts of the AC generator for 
vehicles. 

An AC generator for vehicles 1 comprises a rotor 2 
functioning as a field, a stator 3 functioning as an arma- so 
ture, and a frame 4 for supporting the rotor and the sta- 
tor. 

The rotor 2 rotates integral with a shaft 6, and is 
constituted by two sets of Lundell type pole cores 7, a 
cooling fan 1 1 , a field coil 8, slip rings 9 and 1 0, and the 35 
like. The shaft 6 is connected to a pulley 12 and is rota- 
tiveiy driven by a running engine (not shown) loaded on 
the automobile. 

The frame 4 is provided with an air discharge port in 
a portion opposite to a coil end 31 of the stator and an 40 
intake hole 41 in the axial end. 

As shown in Fig. 1 A, the stator 3 is constituted by a 
stator core 32, electric conductors 33 of a stator coil. 
The electric conductors 33 are continuous wires and 
have round cross-section. The stator 3 also has an insu- 45 
lator 34 for electrically insulating between stator core 32 
and the stator coil, and is supported by the frame 4. The 
stator core 32 is formed from a laminate of thin steel 
sheets, and is formed with a number of slots having an 
opening 35 on the inner peripheral side thereof. The 50 
electric conductors 33 of the stator coils are housed in 
the slots in a substantially equally dispersed pattern, 
and space gaps 38 are formed in the slots in a substan- 
tially equally dispersed pattern. The insulator 34 is 
opened toward an inner peripheral opening 35 of the ss 
slot. The ratio of the total area of the space gap 38 
except the electric conductors 33 of the stator coil and 
the insulator 32 to the cross-section 37 of the slot 
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formed radially outer side portions of a magnetic flux 
collecting protrusion 36 is set to 25% or less with 
respect to the sectional area of slot 37 on the external 
peripheral side of the magnetic flux collecting protrusion 
36. The sectional area of the stator coil used is a maxi- 
mum finished area value including a film thickness. 

FIG. 3 shows the results of a salt water atomization 
pattern test supposing a cold district where the corro- 
sive environment is harsh with the area ratio of the 
space gap is varied in respect of the AC generator for 
vehicles of the same physique. In the test, electric 
power is generated by the fixed time at the fixed rotation 
under the salt water atomization conditions in accord- 
ance with J1S-Z-2371, after which the atomization is 
stopped to generate electric power for the fixed time, 
and the rotation is stopped to leave the state as it is. The 
above operation as one cycle is repeated till abnormal- 
ity of generation occurs. As a result, when the area ratio 
of the space gap exceeds 25%, salt water moves into 
the space gap 38 so that rust appears remarkably in the 
inner walls of the slots, resulting in occurrence of elec- 
tric short-circuit between the electric conductors of the 
coils in the slots and electric short-circuit between the 
electric conductors of the coil and the inner wall of the 
slot, thus rapidly shortening the number of cycles. More 
preferably, the area ratio of the space gap is not more 
than 20% at which the short-circuit within the slot does 
not occur. Further, if not more than 15%, it can be also 
practically used in the cold district where the damage 
from sea wind is strong. As the cycle life extends, the 
short-circuit of the electric conductors of the coil is con- 
spicuous not inside the slot that is a first trouble spot but 
outside the slot that is a second trouble spot. 

In the first embodiment, the electric conductors 33 
of the stator coil are indicated by the circle line. How- 
ever, if at least a portion positioned within the slot is of a 
substantially rectangular shape along the shape of the 
slot as shown in FIG. 4, an area of the space gap within 
the slot can be more easily reduced. A polyhedron sec- 
tion along the inner wall surface of the slot will provide 
the similar effect. 

Further, the opening of the insulator 34 is closed by 
a single plane of an electric conductor and the end por- 
tions of the insulator 34 are inserted between the mag- 
netic flux collecting protrusion 36 and the electric 
conductor 33 as shown in FIG. 4. Therefore, the inner 
periphery of the insulator 34 can be fixed and arranged 
without deviation with respect to the magnetic flux col- 
lecting protrusion 36. Thus, the peripheral opening 35 of 
the slot is closed by electric conductors and the insula- 
tor 34, and the movement of water from the inner 
periphery into the slot is completely cut off, and the 
space gap 38 in the slot is exclusively communicated 
with the open air merely by the axial end of the slot. 
Therefore, the effect for suppressing the movement of 
water can be improved. 

Further, the width of the peripheral opening of the 
slot 35 is narrower than the widlh of the electric conduc- 
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tors 33 of the coil in the slot the electric conductors 33. 
Therefore, the electric conductor 33 closing the periph- 
eral opening 35 prevents other electric conductors 33 in 
the slot from projecting inward. Therefore, the wedges 
can be omitted and harm or thinning of the insulation 6 
coating on the electric conductors can be prevented. 
Thus, short circuit between the electric conductors and 
between the electric conductors and the stator core can 
be prevented, and production cost can be reduced. 

The electric conductors of the stator coil can be io 
substituted by a plurality of conductor segments instead 
of the continuous wire. For example, as shown in Fig. 5, 
generally U-shaped conductor segments having a U- 
turn portion 33c can be used. Such conductor seg- 
ments are stacked so that the straight portions 33a is 
thereof are aligned in the radial direction. Then, those 
are inserted into the stator core in the axial direction, 
and the straight portions 33a outside the stator core the 
opposite the U-turn portions 33c bent to connect the 
end portions 33b to form the stator coil. 20 

Alternatively, a stator coil, which is not a continuous 
line but a substantially U-shaped conductor segment 
having a turn portion 33c as shown in FIG. 5, is inserted 
in an axial direction of a stator core with a straight line 
portion 33a arranged, and thereafter a conductor exter- 25 
nally of the slot on the side opposite to the turn portion 
is bent and an end 33b is connected to provide a wind- 
ing as a whole. The connection of the end 33b of each 
segment may be done by electric conduction such as 
supersonic deposition, arc welding, blazing or the like, 30 
or mechanical processing means such as caulking. Fur- 
ther, each conductor segment is divided into an outer 
layer positioned in the inner part of the slot and an inner 
layer positioned at an inlet, at least a pair of which are 
disposed so that the conductors of the inner layer and 35 
outer layer of different slots are connected in series. 
This arrangement can avoid an interference between 
different phases at the coil end, as shown in FIG. 6. As 
described above, since the conductor segment can be 
easily disposed in the inner part of the slot, the area of 40 
the space gap in the slot is reduced more easily. FIG. 6 
shows the case where the number of conductors per 
slot is 4 turns, that is, the outer layers and inner layers 
are in two pairs. Even if the number of pairs is changed, 
the interference between the different phases can be as 
avoided similarly. Further, if the winding is divided into 
conductor segments, the conductor is easily formed into 
a rectangular shape to provide a high space factor, and 
the conductors can be prepared by the press or the like. 

A plurality of conductor segments are connected to so 
form the stator coil as a follows. The following is dis- 
closed in WO92/06527. 

As shown in Fig. 12, a plurality of conductor seg- 
ments are used to form circumferentially aligned coil 
ends, in a slot, as shown in Fig. 13, two conductors 55 
331a, 331b disposed radially inner side and two con- 
ductors 331c, 33 1d disposed rear side thereof. The con- 
ductor 331a, 331b are bent to have inclined portions, 
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and the conductors 33 1 c, 33 1 d are bent to have inclined 
portions extending in the opposite direction. Thus, 
grooves or gutters are formed the neighboring conduc- 
tors 331a, 331b and 331c, 331d. Therefore, salt water 
or other electrolyte may be guided by the grooves to the 
axial opening of the slots, thereby causing corrosion 
resulting in the short circuit. 

On the other hand, the conductor segments accord- 
ing to the present invention are disposed in the slots so 
that the conductors can be aligned in the radial direction 
and so that the neighboring conductors on the coil ends 
extend from the slots at angles different from each other 
to be spaced apart from each other. In particular, as 
shown in Fig. 6, the neighboring conductors extending 
oppositely in the circumferential direction from the slots, 
thus, in the coil ends, there is no groove formed to guide 
electrolyte such as salt water, thereby preventing corro- 
sion in the slots. 

In the coil ends, the neighboring conductors are 
spaced apart from each other to form gaps in the coil 
ends. Therefore, cooling air as well as salt water can be 
discharged to the outside easily. 

A plurality of the electric conductors are aligned 
radially in the slot. Therefore, gaps are formed in the cir- 
cumferential direction at an interval corresponding to 
the slot pitch. The projected area of the electric conduc- 
tors aligned in the radially outer direction becomes 
smaller than that of the electric conductors disposed 
side by side in the circumferential direction as shown in 
Fig. 13. Therefore, the cooling air can flow effectively 
from the center of the rotation to the radially outward. 

In place of the aforementioned substantially U- 
shaped conductor segment, a substantially J -shaped 
conductor segment is inserted in an axial direction of a 
stator core with a straight line portion 33h arranged, and 
thereafter, a connection is performed on substantially 
both sides of the stator core to provide a winding as a 
whole. In this case, the area of the space gap in the slot 
is easily reduced, and the shape of the conductor seg- 
ment is simplified as compared with the substantially U- 
shape, thus facilitating the step of fabricating the seg- 
ment itself, and providing inexpensive equipment. 

As shown in FIG. 8, a stator core can be configured 
so that an addendum extreme end 32a is formed into a 
U-shape or a J-shape, and a conductor segment is 
inserted from an inner peripheral side, after which a 
processing jig is pressed in a diametrical direction so as 
to form a magnetic flux collecting protrusion by plastic 
deformation. Alter the conductor has been inserted, it is 
compressed in a diametrical direction and the conduc- 
tor is deformed while being adjusted to the shape of the 
slot, thus reducing the area of the space gap in the slot. 
The processing of the conductor segment can be per- 
formed beforehand, the assembling step is facilitated. 

If the electric conductors of the stator coil has rec- 
tangular cross-section as shown in Fig. 9, the electric 
conductors are stacked at the shorter side of the con- 
ductors. Thus, area of the conductors in contact is 
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reduced. There are gaps between the contact surfaces 
of the conductors, and the number increases as the 
contacting area increases under the same contacting 
condition. Therefore, reduction of the contacting area 
can reduce the number of gaps, resulting in reduction of 
the ratio of the gap in the slot. 

As described above, the ratio of the gap in the slot 
being less than 25 % ensure to hold the electric conduc- 
tors in the slots. Therefore, water can be prevented from 
entering the slots without impregnation of resin for the 
conductor insulation, and the electric conductors are 
not vibrated in the slots by the high frequency vibration 
generated by the generator. 

Further, according to the present embodiment, after 
a winding has been applied to the stator core, resin 
impregnation processing for securing the winding is car- 
ried out. It is needless to say that a path of water moving 
into the slot is further narrowed, it is effective in the 
abnormality of generation caused by water-splashing. 

In the foregoing description of the present inven- 
tion, the invention has been disclosed with reference to 
specific embodiments thereof. It will, however, be evi- 
dent that various modifications and changes may be 
made to the specific embodiments of the present inven- 
tion without departing from the broader spirit and scope 
of the invention as set forth in the appended claims. 
Accordingly, the description of the present invention in 
this document is to be regarded in an illustrative, rather 
than restrictive, sense. 
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(33a, 33b) disposed in said slots (35), and 
there is only an insulator (34) between said 
electric conductor and wall of said slot near 
said inlet. 

An AC generator (1) for a vehicle according to claim 
1, wherein a portion positioned at least within the 
slot of the electric conductor has a substantially 
rectangular shape along the shape of the slot. 

An AC generator (1) for a vehicle according to claim 
1 , wherein said electric conductors (33a, 33b) dis- 
posed in the same slots (35) are spaced apart from 
one another outside said slots (35). 



Claims 



1 . An AC generator (1 ) for a vehicle comprisi ng a rotor 
(2) having a fan (11) on at least one side of both 
axial ends, a stator (3) disposed around said rotor 
(2), and a frame (4) for supporting said rotor (2) and 
said stator (3), said stator (3) further comprising a 
laminated core (32) having a plurality of slots (35), 
a plurality of electric conductors (33a, 33c) forming 
a stator winding (33) housed in said slots (35), and 
an insulator (34) that is an electric insulator (34), 
wherein 



40 



said electric conductors (33a, 33b) have the 
same cross-section inside and out side said 
slots (35), 

there is a gap (33) except said electric conduc- 
tors (33a, 33b) and said insulator (34) in a dia- 
metrical section of said slots (35), and an area 
ratio of said gap (38) with respect to the sec- 
tional area of said slots (35) is not more than 
25%. 



45 



2. An AC generator (1) for a vehicle according to claim 
1 , wherein 



55 



width of inlet of said slots (35) is narrower than 
minimum width of said electric conductors 
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FIG. IA 
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FIG. 8A 




FIG. 8B 
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FIG. 10 PRIOR ART 
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